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Outline

Motivations

Standard Model Diboson Cross-section
* Wy/Zy JHEP 09 (2011) 072 1201035 pb* |
« WW ATLAS-CONF-2011-110
« WZ ATLAS-CONF-2011-099 } 2011 1 fb*
e« 7Z ATLAS-CONF-2011-107

Diboson searches
e« 7Z ATLAS-CONF-2011-144

Summary




The Standard Model Diboson Production

Sighature

Associated production of two gauge bosons of electroweak
Interactions.

Foundation for later work
* Precision test of the standard model in self-coupling
e Charged Triple Gauge Couplings (TGC) in the W/Z sectors




The Standard Model Diboson Production

Sighature

Associated production of two gauge bosons of electroweak
Interactions.

Foundation for later work

* Precision test of the standard model in self-coupling

e Charged Triple Gauge Couplings (TGC) in the W/Z sectors
 Anomalous Neutral TGC In the Z/y sectors
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Diboson is crucial for Higgs/BSM search

* Primary search channel in a wide Higgs mass range
see Tae Ming Hong's talk on Oct 20

* Unique signature/important background in Beyond
the Standard Model search

Technicolor, Extra Dimension, SUSY
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Cross-section Measurement

Fiducial cross-section:

Define efficiency in selected region Nop—N bkg
C__=N(reconstructed)/N(truth in fiducial) C,BR(ZZ—e,u)L

Total cross-section:

Extrapolation to full cross-section N obs = N g

A__= N(truth in fiducial)/ N(Total) A, C,BR(ZZ—e,u)L
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Events /10 GeV

WYyV/Zy Production [[2essps: T

Sighature

WYy: one lepton + one photon
and large Met

Zy. two lepton + one photon

Lepton pT> 20 GeV

photon pT> 15 GeV

MET > 25 GeV

dR(l,photon) >0.7
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WYV/Zy Results Summary [J20038ps* ?

All measurements are consistent with SM expectations

Process Observed EW+tt W+jets Extracted
events background background signal
Nops(Wr — e*vy) 95 103+£09+0.7 | 169+53+£73 | 678+92+7.3
Noos(Wry — p=v7y) 97 119+08+08 | 169+53+74 | 682+93+74

Process Observed EWtt Extracted
events background signal
Nops(Zy — ete %) 25 3.7+3.7 213 +5.8+3.7
Nops(Zy — ™) 23 3.3+3.3 19.7+£48+33
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Events / 5GeV

data/MC

WW Production

Q|
~|

Signature
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WW Results

Observation: 414 candidates with background 169.846.4+27.1
Fiducial Cross-section results

Channels | expected 6/ (fb) measured 6/"(fb) AOuyu(fb) ACgys(fh)  ACymi(fh)
evev 66.8 90.1 + 18.9 +11.3 + 3.3
LVLLY 63.8 62.0 +12.1 +10.7 +2.3
eviLv 245.1 252.0 +24.6 +29.4 +9.3

Total Cross-section results consistent to NLO (4613 pb)
tntal_da 214, U{stat]"‘ 6.4(sys) £ 1.8(lumi) pb
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WZ Production

Sighature

Three isolated leptons
(pT threshold 20, 15 GeV)

One Opposite Signed Z pair
missing E_> 25 GeV

Events / 3 GeV
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W7Z Results

Observation: 71 candidates with background 10.5+0.8%37

Fiducial Cross-section Fiducial Cross section:

: * pl)>15GeV, |n| <2.5, pT(v)> 25 GeV
= 118*18(stat) *S(syst) *3(tumi) fb |, |y < 10Gev

+ M{W)> 20 GeV

O_fid

WZ—-tvtt

Total Cross-section

tof, = 21.1731(stat) *1-2(syst) *0-2(lumi) pb.

g
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Anomalous Triple Gauge Coupling in WZ

The first aTGC results in WZ production at LHC
Results are competitive to previous experiments

1 I I I ] I ] I ] I ] I I I I I ] ] I I I ]
ATLAS Preliminary ATLAS,_[LCH —1.01"
[ : Ns=7TeV, A=3TeV
- CDF,J-Ldt =1.91b"
A \s=1.96TeV, A—2TeV
AKZ :
w =z — vl E
Agy 95% C.L.
| I 1 1 | 1 | 1 | 1 1 i 1 1 1 1 1 1 1 1 I | 1
-1 -0.5 @) 0.5 1

Anomalous Coupling

Limits of the 68% C.I.

Limits of the 95% C.1.

Ag‘lz [-0.17,-0.05],[0.13,0.26] [—0.21,0.30]
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7.7, Production

Signhature —— AN

Four isolated charged leptons
(p, threshold 25, 15 GeV)

Z mass window requirement — Ay
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Events / 25 GeV

Cross-Section Results
Observation: 12 candidates with background 03753703

Fiducial cross-section results o ZIY)VZIy)- b= ep:
fd = 197 (stat) *J (syst) 1 (lumi) fb |

210t -5 (stat) 2y (syst) £ L QumAb 4y — mena(@)] < 25 Gev:
Total cross-section o pb> 15GeV;

oyy = 847 (stat) T3 (syst) +0.3 (lumi) pb.

Consistent to NLO: Xsec (NLO) = 6. 5+04
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nTGC Results Comparisons

First neutral TGC results in 7 TeV pp collisions.
The best limits with higher energy cut-off A
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/.7, Resonance Search

ZZ to four lepton Fiducial cross-section limit

Nzz ) 5.7
€77 X BF(ZZ — t{t6)x L 061 x0.010x 1.02 fb!

077 fid <

Benchmark RS Graviton
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4U candidate event
(4u) 597 GeV

=

Run Number: 183003,
Event Number: 121099951

Date: 2011-06-02, 10:08:24 CET
EtCut>0.3 GeV
PtCut>2.5 GeV

Cells:Tiles, EMC



Summary and Outlook

 All leptonic diboson process is measured and consistent to the
SM expectations

* The most competitive or strict TGC limits have been set

* The first 4 lepton ZZ resonance search is presented

» Looking forward to surprise: Higgs? BSM?
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Backup
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Boosted Large Hadron Collider

LHC has performed extremely well in year 2011

* Proton-proton collisions at Vs 7 TeV

* 50 ns bunch spacing with averaged 6 collisions/crossing

¢« 2.37 x 10%* /cm?/s peak luminosity

* Delivered 2.68 fb™ (Aug) with maximum ~80 pb™ per day
(36 pb™in 2010)

: 21
Geneva, Switzerland



The ATLAS Detector

Muon Spectrometer EM Calorimeter
In|<2.7 In|<3.2, Pb-Lar Accordion 6/E=10% VE®0.7%
Air-core toroids and gas-based

muon chambers
o/pT =2% @ 50GeV to 10% @ 1Te

Inner Detector Hadronic Calorimeter
In|<2.5, B=2T, Si pixels/strips and |n|<1.7Fe/scintillator 1.3<|n|<4.9 Cu/W-Lar;
Trans. Rad. Det; o/Ejet= 50%/VE @ 3% .

o/p.=0.05% p_(GeV) & 1%



The ATLAS Detector

* Data taking efficiency ~ 95 %
* Pile-up challenging

Total Integrated Luminosity [fo )

substantial in- and out-of-time pile up with 6.3/11.6 interactions per
bunch crossing before/after Sep Technical Stop

"""" [T T T T T T T T T LI L L [ L L L L L L

- ATLAS Online Luminosity  \s=7TeV 4 " 10t | -
6r niine Luminosity - s =7Te =2 7= ATLAS Online 2011, 5= Tev _[Ldt=3.02 o'
- [] LHC Delivered . = 10°
5~ [_]ATLAS Recorded - -‘g arxiv:1101.2185 — B*=1.0m,<p>=116
- 10° — B*= _
- Total Delivered: 4.88 fb” - E p*=15m,<p>= 63
4 - Total Recorded: 4.59 fb” B 3 10
- ] o
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- ] S ;
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: : 10°
1 —
: : 10°
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Day in 2011 Mean Number of Interactions per Crossing

The results shown in this talk used data up to 1 fb™ 2



Events / 2.5 GeV

Data/MC

Control Region Plots

Z performance shows reasonable agreement between MC and
Data.
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Heavy Diboson Production

Leptonic (e or g) channels only for high sensitivity

WW - lvv WZ - lllv ||
Top 35% 12% 10%
W+X  30% 0% :
Z+X 32% 520 90%
VW 4% 36% :

S/B 1.4

S/V/B 18

Www




WyV/Zy Cross-Section Results

Experimental measurement | SM prediction
: : : o™ [pb] o™ [pb]
Fiducial cross-section [, - =, 5.440.7+0.9+0.2 47403
) pp — prvy 4440.6+0.7+0.2 4.9+0.3
- N‘;::(E-} pp — eTe 2.2+ 0.6+ 0.5+ 0.1 1.740.1
Wr(zy) “Wr(Zy) pp — u Ty 1.4£0.3£03+£0.1 1.7£0.1
. o[pb] o[pb]
- pp — eFuy 489+6.6 83+ 1.7 42.1 £2.7
Total cross-section pp — uEvy 38.7+53+64+1.3 42.1 4+ 2.7
. pp — [Fvy 425+424+72+14 42.1+2.7
ol — % pp — eTe Ty 9.0x25x21x0.3 6.9 0.5
WrlZy) pp — u Ty 5.6 £1.44+1.2+£0.2 6.9 0.5
pp — 1Ty 6.44+1.2+1.6£0.2 6.91+ 0.5
N :r:‘{ 7, + Number of measured signal events
C Wozy) - Reconstruction and identification efficiency
Ay, "z - Acceptance of fiducial pha-se -s.pacc with respect to total

production phase space
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WYyV/Zy Background Estimate

Events / 2.5 GeV
5 35 & B B
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Anomalous Triple Gauge Couplings

Alternative way to probe new physics.
Starting from a generalized Lagrangian: 4

TGC vertex

'A,V v,
L/gwwy = ig} (Wi, WHVY — Wy WHVY) + ik WiW, VHY + ;T%,W;“W#va

L=~ f 0VP)24(0°2y) + 1 (9°Ven) 2 2
Z

Reduced TGC parameters acquiring gauge invariance
- Charged aTGC: Ag “, AK*, A%, AKY, N

- Neutral TGC: {5, 4, 1), 1Y, h % h%hY hY (forbidden in SM)

Unitary conservation
Add form-factor constraint by the scale of new physics

v

£ (s)= D
(L+ s/A%p)" .

Nucl. Phys B282, 253 (1987) PRD47, 4889 (1993) PRD62, 113011 (2000),PRD65 (2002) 075020




Neutral Trilinear Gauge Coupling
Measurement

Total expected yield is parametrized as function of TGC parameter

s(sducials Czz. ) = (Csm + Cpr ¥+ Cprpr - (fNH-L-Czz.

Profiling likelihood is used to include systematics uncertainty

L(o,Czz,b;Ap,Ac,, N) = P(0,Cz,b";N)-G(Cyy: Czz,Ac,,) - G(b'; b, Ap)

Infinite energy-cut off results are also included as a reference

Coupling 95% ClI f; ff f; ff
A=2TeV [-0.15,0.15] [-0.12,0.12] [-0.15,0.15] [-0.13,0.13]
A= o0 [-0.08,0.08] [-0.07,0.07] [-0.08,0.08] [-0.07.0.07]
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